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© Dlhydropyrazolo(3,4-b)pyridfne derivatives and production thereof. 

in the circulatory' system such as angina pectoris, hyperten- 
sion, cerebrovascular dysfunction, arrhythmia, and so on with 
no adverse reaction like negative inotropic action; prepared by 
the Michael addition and concurrent cyclization reaction of 
2 -acetyl cinnamic acid derivatives with 5-aminopyrazole deri- 
vatives. 



ACTORUM AG 



© Dihydropyrazolo{3,4-bIpyridine derivatives represented 
by the general formula; 

X 1 




wherein X and X 1 each is hydrogen, nitro, or halogen which 
may be located at the position or positions 2. 3, and'or 6; 
R 1 is alkyl; 

R 2 is hydrogen, alkyl, cycloalkyl, or phenyl; 
R 3 is hydrogen, straight or branched chain alkyl, or cycloalkyl 
which may be substituted by alkyl, substituted or unsubsti- 
tuted phenyl, aralkyl, alkoxycarbonyl, or 5- or 6- membered 
heterocyclic group containing an oxygen or nitrogen, having 
calcium- antagonistic action are useful in treatment of diseases 
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Dihvdropyrazolo( 3 , 4-b ) pyridine Derivatives 
and Production thereof 

The present invention relates to dinydropyrazolo- 
[3,4-b]pyridine derivatives having calcium antagonistic 
activity comparable to those of the known 1,4-dihydro- 
pyridihe derivatives such as nifedipine* nisoldipine, 
nicardipine, and so on. Moreover, the derivatives have 
slight negative inotropic effect as adverse effect which 
is a problem in the prior art. 

The compounds having calcium-antagonistic 
action have been utilized in treatment of diseases in 
the circulatory system such as angina pectoris, hypertension 
cerebrovascular dysfunction, arrhythmia, and so on, 
and their high therapeutic efficacy has been appreciated. 
Especially, a series of compounds named 1,4-dihydro- 
pyridine derivatives have been investigated as calcium- 
antagonists. As the known calcium-antagonists, for example, 
nifedipine (U.S. Patent No- 3, 485. 8^7 )» nisoldipine 
(Japanese Patent Publication No. 56-47185). 4-amino-l,4- 
dihydropyridine derivatives (Japanese Patent Publication 
No. 57-20306), 2-pyridyl-l,4-dihydropyridine derivatives 
(Japanese Unexamined Patent Publication No. 5^-48796) 
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are exemplified. 

Meanwhile, the pyrazolodihydro pyridine derivatives 
and their calcium-antagonistic action concerning the 
present invention have not yet been described in any 
literature . 



The present invention relates to dihydropyrazolo- 
[3 > ^-b] pyridine derivatives , production thereof , and 
pharmaceutical compositions thereof; 

l) Dihydropyrazolo[3f^-b]pyridine derivatives represented 
by the general formula (I ) : 




[wherein X and X 1 each is hydrogen, k nitro, or halogen 
vhich may be located at the position or positions 2, 3, 
and/or 6; 

R 1 is C^r alkyl; 
2 

R is hydrogen, C^- alkyl, C^- cycloalkyl, or phenyl; 
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-i- 

3 

R is hydrogen, C^- Cg straight or branched chain allcylt 
or C^- cycloalkyl which may be substituted by C^- 

alkyl f substitued or uns ubsti tut ed phenyls C_- C aralkyl, 

7 9* 

C l~ C 4 aUc 3 rlox y carbon y 1 > or 5- or 6- membered heterocyclic 
group containing an oxygen or nitrogen]; 

2) A process which comprises reacting a compound represented 
by the general formula (XX): 

X 1 

| /COCH 

ch« c; J (n) 

^COOR 1 

[wherein X , X 1 , and R 1 each has the same significance 
as defined above] 

with a compound represented by the general formula (m): 

,3 



R" 



H 2 ir T 2 (iii) 

2 R 

[wherein R and R each has the same significance 
as defined above] 

to yield the dihydropyrazolo[3 > ^-bjpyridine derivatives 
represented by the general formula (l). 

3) Medicinal compositions comprising one or more members 
selected from the group consisting of dihydropyrazolo- 
[ 3 ,4~b] pyridine derivatives represented by the general 
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formula (i) and their pharmaceutical acceptable acid 
addition salts and pharmaceutical carriers* 

The compounds (i) of the present invention 
are classified into calcium-antagonists having potent 
antihypertensive action and coronary vasodilating 
action and useful in treatment of diseases in the 
circulatory system such as angina pectoris, hypertension, 
cerebrovascular dysfunction, arrhythmia, and so on* 
The compounds (i) have slight negative inotropic effect 
with weak acute toxicities in mice* 

The compounds (i) of the present invention are 
prepared by the Michael addition and concurrent cyclization 
reaction of heterocyclic groups with a , p-unsaturated 
ketones; the process for production thereof is also 
new in respect of providing new aromatic condensed 
dihydropyridines • 



In the brief summary of the invention, definition 
relating to the general formulas (i) - (ill); 
the halogen means fluorine, chlorine, bromine, and iodine, 
particularly, chlorine is preferred; 

the C^- alkyl- means straight or branched chain lower 
alky Is; for example, methyl, ethyl, i -propyl, t-butyl, and 
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-5- 

the like; 

the C^- cycloalkyl includes cyclobutyl, cyclopentyl, 
cyclohexyl, and the like; 

the Cj- C g straight or branched chain alkyl includes 

methyl, ethyl, i -propyl, n-butyl, i -butyl, t -butyl, n-pentyl, 

3- methylpent-3-yl, n-hexyl, n-heptyl, n-octyl, and the like; 
the C^- cycloalkyl which may be substituted by C x _ C3 
alkyl includes cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl , cycloheptyl , U-methylcyclohexyl , 1-ethylcyclo- 
hexyl, and the like; 

in the substituted or unsubstituted phenyl group the 
substituent includes, for example, chlorine, trif luoromethyl , 
cyano, methoxy, methoxycarbonyl , ethoxycarbonyl, and the like 
definitely such phenyl includes phenyl, 3-chlorophenyl , 
3 ,5-dichlorophenyl, 3-trif luoromethylphenyl , 3-cyanophenyl, 

4- methoxyphenyl, 3-methoxycarbonylphenyl , 3-ethoxycarbonyl- 
phenyl, and the like; 

the C^- aralkyl, includes benzyl, phenethyl , , phenylpropyl , 
tolylmethyl, and the like; 

the C 1 - alkyloxycarbonyl includes methoxycarbonyl, ethoxy- 
carbonyl, i-propoxycarbonyl, t-butoxycarbonyl , and the like; 
the 5- or 6- membered heterocyclic group containing an oxygen 
or nitrogen includes a-pyridyl, p-furyl, 1-methylimidazol- 
2-yl, and the like; 

The objective compounds of the present invention 
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(I) can be prepared easily by the reaction of a, p-unsaturated 
ketone reagents (il) with 5-aminopyrazole compounds (ill) 
as shown in the following reaction sequence. 




-R 3 



JUT > (x) 



(in) 

[wherein X, X 1 , R 1 , R 2 , and R 3 each has the same significance 
as defined above] . 

The above reaction is conducted in the absence 
or presence of solvents. 

As the solvent used in the reaction, alcoholic 
solvents including methanol, ethanol, i-propanol. t-butanol, 
ethylene glycol, and the like; 

hydrocarbon solvents including benzene, toluene, xylene, 
and the like; 

ether solvents including ether, tetrahydrofuran, dioxan, 
glyme, diglyme, and. the like; 

halogenohydrocarbons including methylene chloride, chloroform, 
di chloroe thane , carbon tetrachloride, and the like; 
ester solvents including ethyl acetate, and the like; 
and acetic acid, dimethylf ormamide , and the like may be 



- 6 - 



0107619 

-1- 

exemplified. If necessary , an acid or inorganic base 
may be used as catalyst. As the acid catalyst, inorganic 
acids such as sulfuric acid, hydrochloric acid, phosphoric 
acid , and the like ; 

organic acids such as p-toluenesulf onic acid, acetic acid, 
formic acid, and the like; 

and Levis acid such as boron trif luoride , zinc chloride, 
aluminum chloride, magnesium chloride, tin chloride, 
and the like may be exemplified. As the organic base 
catalyst, trie thy lamine , pyridine, pyrrolidine, piperidine, 
and the like may be exemplified. The reaction is conducted 
at room temperature or under heating (20 - 100 °C) , and 
usually terminates within a period of several hours to 
several days . 

The starting 5-aminopyrazole compounds and a,p- 
unsaturated ketone reagents used in the reaction are prepared 
in the manner as shown below. 

(l) Preparation of 5-aminopyrazole compounds (ill) 

The 5-aminopyrazole compounds (ill) can be prepared 
accroding to three processes as shown in the following 
reaction sequence . 
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-a- 

In tlie above reaction sequence the 5-aminopyrazole 
compounds (ill) when R is hydrogen may be prepared 
according to the process A from the compounds (IV) by 
tosylation and introduction of R f ollowed by elimination " 
of the tosyl group with a base [Chem. Ber . £8 3368 (1965)] • 
The compounds (ill) when R 3 is neither hydrogen nor alkoxy- 
carbonyl may be prepared according to the process B 
by cyclization reaction of hydrazine or methyl- or phenyl- 
hydrazines (VI) with a member of p-ketonitriles (VIl) . 
The p-ketonitriles (VTl) are prepared by reaction of 
a member of acid chlorides (VTIl) with the lithium 
acetonitrile (IX) . The compounds (ill) when R J is alkoxy- 
carbonyl are prepared by cyclization reaction of a member of 
hydrazines (vi) with the alkali metal salt of alkyl 3-cyano- 
pyruvates (X) . 

(2) Preparation of a,£-unsaturated ketone reagents (ll) 
The a, p-unsaturated ketone reagents (ll) are 
prepared by the condensation of the aldehydes (Xl) with the 
acetoacetic esters (XII) according to the following reaction 
sequence [J. Chem. Soc, 81 1212 (1902), Chem. Ber. 2£ 
172 (1896), Ann. 218 170 (1883), J • Chem. Soc , 3092 (1962)]. 

x. -jL ■■ ■ ■ 

^TV-CHO + CH COCH^OOR 1 > r\ O-X 

£r^=a ~ /COCH 

(XI) (XII) CH= 

(II) 
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-to- 

« « 

[wherein X, X , and R each has the same significance as 
defined above] . 

The compounds of the present invention prepared from 
the 5-aminopyrazole compounds (iU). by the reaction with 
the a, p-unsaturated ketone reagents (n) as mentioned above 
are exemplified as follows . 

Ethyl 3-cyclopentyl-l , 6-dimethyl-4- ( 3-nitrophenyl ) - 
4 , 7-dihydropyrazolo [3 ,i*-b] pyridine -5-carboxylate , 

Ethyl 1 , 6-dimetbyl-4-( 3-nitrophenyl) -4 , 7-dihydropyrazolo 
[3 f 4-b]pyridine-5-carboxylate , 

Methyl 1 ,6-dimethyl-lt-(2-nitrophenyl)-^,7-dihydropyrazol 
[3 t4-b] pyridine-5-carboxylate , 

Methyl 3-isopropyl-l , 6 -dime thy 1-4- ( 3-nitrophenyl ) - 
k , 7-dihydropyrazolo [ 3 ,4-b]pyridine-5-carboxylate , 

Methyl 3-(n-butyl)-l,6-dimethyl-4-(3-nitrophenyl)- 
4, 7-dihydropyrazolo [3 t4-b]pyridine-5-carboxylate , 

Methyl 3-cyclobutyl-l , 6-dime thyl-4- (3-nitrophenyl) - 
4, 7-dihydropyrazolo [3 ,4-b]pyridine-5-carboxylate , 

Methyl 3-cyclopentyl-l , 6-dimethyl-4-(2-nitrophenyl) - 
4,7-dihydrppyrazolo[3 .4-b]pyridine-5-carboxylate , 

Methyl 3-cyclopentyl-l , 6-dimethyl-4- (3-nitrophenyl)- 
4,7-dihydropyrazolo[3 ,4-b]pyridine-5-carboxylate , 

Isopropyl 3-cyclopentyl-l, 6-dime thyl-4- (3-nitrophenyl) - 
4 , 7-dihydropyrazolo [3 ,4-b]pyridine-5-carborylate , 

Ethyl 3-cyclopentyl-l 1 6 -dime thy 1-4- ( 2-chlor opheny 1 ) - 
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4 , 7-dihydropyrazolo[3 ,4-b Jpyridine-5-carboxylate , 

Ethyl 3-cyclopenty 1-1 , 6-dimetby 1-4- ( 2 , 6-dichlorophenyl) - 
4 ,7-dihydropyrazolo[3 , 4-b]pyridine-5-earboxylate , 

Methyl 3-cyclohexyl-l , 6-dime thy 1-4- (3-ni trophenyl) - 
4 ,7-dihydropyrazolo[3 , 4-b] pyridine-5-carbo:cy late , 

Methyl 3-benzyl-l,6-dimethyl-4-(3-nitrophenyl)- 
4 , 7-d±hydropyrazolb [ 3 » 4-b] pyridine-5-carboxylate , 

Ethyl 3-phenyl-6-methyl-4-(3-ni trophenyl) -4,7- 
dihydropyrazolo[3 , 4-b ]pyridine-5-carboxy late , 

Ethyl 1, 3-diphenyl-6-methyl-4-(3-ni trophenyl) -4,7- 
dihydropyrazolo[3 , 4-b ]pyridine-5-carboxy late , 

Methyl 3-phenyl-l , 6-dimethyl-4-(3-ni trophenyl) -4,7- 
dihydropyrazolo[3»4-b]pyridine-5-carborylate, 

Ethyl 3-phenyl-l , 6-dime thy l-4-( 3-nitrophenyl) -4 , 7- 
dihydropyrazolo [ 3 , 4-b] pyridine-5-carborylate , 

Methyl 3-phenyl-l , 6-dime thyl-4- ( 2-nitrophenyl )-4,7- 
dihydropyrazolo[3 ,4-b]pyridine-5-carboxylate , 

Ethyl 3- ( 3-chlor ophenyl ) -1 , 6-dime thyl-4- ( 3-ni trophenyl ) - 
4 ,7-dibydropyrazolo[3 , 4-b] pyridine-5-carboxy late , 

Methyl 3- ( 3 , 5-dichlorophenyl) -1 , 6*dime thyl-4- ( 3-ni tro- 
phenyl)^ , 7-dihydropyrazolo [3 , 4-b] pyridine-5-carboxy late , 

Ethyl 3- (3 , 5-dichlorophenyl) -1, 6-dime thyl-4- (3-ni tro- 
phenyl)^ , 7-d.ihydropyrazolo[3 ,4-b] pyridine-5-carboxylate , 

Ethyl 3-(3-trifluoromethylphenyl)-l,6-dimethyl-4- 
( 3-ni trophenyl) -4 ,7-dihydropyrazolo[ 3 , 4-b]pyridine-5- 
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carboxylate , 

Ethyl 3- (3-cyanophenyl) -1 , 6-dime thyl-4- (3-nitrophenyl ) - 

4 , 7-dihydropyrazolo [ 3 , 4-b ] pyridine-5-carboxylat e , 

Ethyl 3-(3-methoxycarbonylphenyl) -1 , 6-dime thy 1-4- 

(3-nitrophenyl)-4,7-dihydropyrazolo[3,4-b]pyridine-5- 
carboxylat e , 

Ethyl 3 - ( 3-e thoxycarbony lpheny 1 ) -1 , 6-dime thy 1-4- 
(3-nitrophenyl)-4 , 7-dihydroiy razolo[3 , 4-b]pyridine-5- 
carboxylate , 

Ethyl 3- ( a-pyridyl ) -1 , 6-dime thyl-4- ( 3-ni trophenyl) - 
4, 7-dihydropyrazolo [3 ,4-b]pyridine-5-carboxylate , 

Methyl 3-(0-f uryl)-l ,6-dimethyl-4-(3-nitrophenyl)- 
4, 7-dihydropyrazolo [3 , 4-b ]pyridine-5-carboxy late , 

Methyl 3-me thoxycarbonyl-1 , 6-dime thy 1-4- ( 3-ni trophenyl ) - 
4,7-dihydropyrazolo[3 , 4-b ]pyridine-5-carboxy late , 

Ethyl 3-ethoxycarbony 1-1 , 6-dime thy 1-4- (3-ni trophenyl) - 
4 , 7-dihydropyrazolo [ 3 . 4-b] pyridine-5-carboxylate , 

Methyl 3-isopropoxycarbony 1-1 - t 6-dime thyl-4- ( 3-ni trophenyl) - 
4, 7-dihydropyrazolo [3 , 4-b] pyxidine-5-carboxy late , 

Ethyl 3- ( 4-me thoxyphenyl^-1 , 6-dime thyl-4- ( 3-ni trophenyl) - 
4, 7-dihydropyrazolo [3 . 4-b] pyridine-5-carboxy late , 

Methyl 1 ,3-dicyclopen tyl-6-methy 1-4- (3-ni trophenyl) - 
4, 7-dihydropyrazolo [3 , 4-b] pyridine-5-carboxy late , 

Methyl 3-isobutyl-l,6-dimethyl-4- (3-ni trophenyl) - 
4 , 7-dihydropyrazolo [3 »4-b ]pyridine-5-carboxylate , 
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Methyl 3- ( t-butyl ) -1 , 6-dimethyl-4- ( 3-nitrophenyl) - 
4 , 7-dihydropyra201o[3 1 4-b]pyridine-5-carboxylate , 

Methyl 3- (n-pentyl ) -1 , 6-dimethyl~4- ( 3-ni tropbenyl ) - 
4 , 7-dihydropyrazolo[3 i4-b]pyridine-5-carboxylate , 

Methyl 3- (3-methylpent-3-yl) -1 > 6-dimethyl-4- 
(3-aitrophenyl)-4 ,7-dihydropyrazolo[3 »4-b]pyridine-5- 
carbojcylate , 

Methyl 3-cyclopropyl-l ,6-dimethyl-4-(3-nitrophenyl)- 
4 , 7-dikydropyrazolo [ 3 i 4-b ]pyridine-5-carboxylat e t 

Methyl 3-cyclohexyl-l 1 6~dimethyl-4-. ( 2-nitrophenyl ) - 
4 ,7-dihydropyrazolo[3 t^-b]pyridine-5-carboxylate » 

Methyl 3-cycloheptyl-l , 6-dime thyl-4~ ( 3-nitro phenyl ) - 
4 , 7-dihydropyrazolo [ 3 » 4-b ]pyridine-5-carboxylate ♦ 

Methyl 3- (4-me thylcyclohexyl) -1 , 6-dimethyl- 
4-(3-nitrophenyl)-4 , 7-dihydropyrazolo[3 ,4-b]pyridine-5- 
carboxylate, 

Methyl 3- ( 1-ethylcyclohexyl ) -1 , 6-dime thyl- 
4- (3-nitr ©phenyl ) -4 , 7-dihydropyrazolo [ 3 » 4-b ]pyridine-5- 
carboxylate , 

Methyl 3- ( 1-me thyl-imidazol-2-yl ) -1 , 6-dimethyl- 
4- ( 3-nitrophenyl ) -4 , 7-dihydropyrazolo [ 3 » 4-b ]pyridine-5- 
carboxylate • 

The compounds of the present invention have 
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potent antihypertensive action and coronary vasodilating 
action which are based on calcium-antagonistic action; 
they also have platelet aggregation action, but they are 
advantageous in having nc unpleasant systole inhibitory 
action undesired as pharmaceutical drug with lower toxicity. 
The biological tests of the compounds mentioned below 
were conducted as follows . 
(The compounds) 

(A) : Nifedipine 

(B) : Methyl 3-cyclopentyl-l,6-dimethyl-4-(3-nitrophenyl)- 
h , 7-dihydropyrazolo [ 3 , k-h] pyridine-5-carboxylate 

(C) : Ethyl 3-cyclopentyl-l, 6-dimethyl-U-(3-nitrophenyl)- 

4,7- dil»ydrapyra2olo[3,4-b]pyridine-5-carboxylate hydro- ' 
chloride 

(l) Antihypertensive action 
(Experimental method) 

Female Spontaneously Hypertensive Rats (hereinafter 
abbreviated to as SHR) in which systolic pressure was about 
160 mmHg were used without anesthetization. After SHR were 
warmed at 50 °C for 2-3 minutes, systolic blood pressure 
was measured indirectly by the tail-cuff method using a 
Physiograph and Electrosphygmomanometer (DMP-UB and PE-3O0, 
Narco Siosystems, Inc., Houston). Each compound was 
intraperitoneally administered to SHR at a dose of 
3 mg/kg body weight. 
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(Result) 

Table 1 



Compounds 


Maximum Hypotension 
(mmHg) 


Duration of Effect 
(hours) 


(A) 


U5 


6 


(B) 


66 


16 


(c) 


h2 





(2) Coronary vasodilating action, 

Negative inotropic action 
(Experimental method) 

The guinea-pigs (body weight: UOO - 800 g) of both 
sexes were hit on the head hard, and the arteria carotis* 
was cut off and phlebotomized. The isolated heart was 
perfused at pressure of 50 cm HgO according to the 
Langendorff method [Basic Pharmacology & Therapeutics, 
9 (^) i 181 (l98l)]. Krebs-Ringer bicarbonate solution 
containing 0.5 # defibrinated blood at 27 °C was used 
as perfusate, into which a mixture of 95 # oxygen and 5 % 
carbon dioxide was introduced continuously. The perfusion 
flow was led into a drop counter ♦ and its increase or 
decrease was regarded as an indication of coronary 
vasodilation or vasoconstriction} 

the isometric contraction of apex was.. recorded along with 
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tlie drop number of coronary perfusate on a Recticorder 

(RJG 3006, Nibon Koden) by way of an F-D pick-up (SB-IT, 

Nibon Koden) . Eacb compound vas administered into' 

a rubber tube connected witb an ax-ota cannula at a dose of 

0.1 Hg,. l ug, and 10 pg. 

(Result) 

Table 2 Coronary vasodilating action 



Compounds 


Perfusion Flov CHange 

(*) 


0.1 Ug 


i Pe 


10 ]Xg 


(A) 


+ 38 


+ 100 




(B) 


+ 26 


+ 73 


+ 180 


(c) 


+ 40 


+ 79 


+ 93 



Table 3 Negative inotropic action 



Compounds 


Cnange of Contractile 
Tension (#) 




0.1 Pg 


1 PC 


10 Pc 


(A) 


- 15 


- 57 




(B) 


0 


0 


0 


(c) 


0 


0 


0 
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(3) Acute toxicity 
(Experimental method) 

In female DS mice (body weight: about 20 g) » 
ID^q value after the intravenous administration of the 
compounds vas calculated by the Brownlee ' s up and down 
method [j. Am. Sat. As., 48 262 (l953)]» 
(Result) 

Table h 



Compounds 


LD 5Q mg/Kg 


(A) 


10.7 


(B) 


31.5 


(c) 


50.6 



In consideration of the results mentioned above f 
the compounds of the present invention have remarkably 
potent antihypertensive and coronary vasodilating actions 
but slight negative inotropic action with lower acute 
toxicity 9 and so they can be utilized as drugs acting on the 
circulatory system with fewer adverse effects for men 
or animals* 

The compounds of the present invention may be 
administered to men or animals orally or parenterally 
and formulated into various dosage forms according to 

- 17 - 



0107619 



the administration method. For example, tablets, capsules, 
pills, granules, fine granules, aqueous solution, emulsion, 
and so on may be prepared. In the pharmaceutical prepara- 
tion, usual conventional carriers or diluents, such as 
lactose, sucrose, starch, cellulose, talc, magnesium 
stearate, magnesium oxide, calcium sulfate, powdered gum 
arabic, gelatin, sodium arginate, sodium benzoate, stearic 
acid, and the like may be used. As injection, a solution in 

water for injection, saline solution, Ringer solution, 

and so on, or a suspension in sesame oil may be used. 

The compounds of the present invention may be 

administered at a dose of about 1 - 50 mg a day for an adult 

in oral administration and at a dose of about 0.5 - 20 mg 

in intraveneous injection. 

The present invention will be explained by the 

following Examples and Reference examples. 

Example 1 

Preparation of ethyl 3-cyclopentyl-l , 6-dimethyl- 

4- ( 3-nitrophenyl ) -4 , 7-dihydropyrazolo [ 3 , 4-b ] pyridine- 

5- carboxylate 
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A mixture of 0.83 g (5 mmol) of 5-amino-3-cyclopentyl- 

1-methylpyrazole 1 and 1#32 g (5 mmol) of ethyl 3-nitro- 

benzylidene acetate 2 in 10 ml of t-butanol is heated at 

80 °C under nitrogen gas for 3 days- The mixture is 

concentrated under reduced pressure $ and the resulting 

residue is dissolved in chloroform, washed with an 

aqueous sodium bicarbonate solution and then with an a 

aqueous sodium chloride solution. The solution is dried 

with magnesium sulfate and chromato graphed on a column of 

silica gel. The chloroform-ethyl acetate (20 :l) fraction 

gives 2 g of the titled compound as an yellow oily material* 

1112 v ™ 01 3 2 70 • 3150, 1690, 1350 cm* 1 
max 

NMR: 6 CDC1 3 1*17 (3H* t), 1.00 - 2.80 (9H, -m), 2-38, 
3-67 (3H x 2, s), 4.03 (2H f q), 5.25 (lH, a), 7-13 - 8.10 
(4H, m) 

The titled compound (2 g) is converted into the 
hydrochloride on treatment with an ether-hydrochloric acid 
mixture* which is recrystallized from acetone to give 
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1*75 6 of the hydrochloride . (Yield: 78.4 
m.p. 170 - 173 °C 
Elemental analysis 

Calcd (£): C, 59-12; H, 6.09; N, 12-54 (for C 22 H 26 N 4°4' HC1 ) 
Found (£): C, 58-90; H, 6-10; N, 12-57 

m : v mai 01 2630 • 2550 » 1680 ' 134 7 cm" 1 

WMR: 6 + 3 0-93 - 2.00 (9H, m) , 1.17 (3H, t), 2.6l (3H, s) 
4.03 (2H, q), 6.03 (1H), 5'-22 (lH, s), 7-23 - 8-17 (4H, m) 
Examples 2-42 

In the same manner as in Example 1, the compounds 
described in Table 5 can be prepared. Tables 6 and 7 
show the data of each product, i.e. physical constants* 
elemental analysis, TR spectra, and NMR spectra. 
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X 



Table 5 




Ex. 


R' 


R* 2 


R* 


x . x' 


Yield 
fa; ^ 


2 


C 2 H. 


CH^ 


H 


3-N0 2 ,H 


47.4 


3 




It 


tl 


2-N0 2 ,H 
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Example hi 

Component (Tablet ) 

Ethyl 3-cyclopentyl-l,6-dimethyl--4-(3-nitroplienyl)«- 
h ♦ 7-dihydr opyraz o lo [ 3 5 k-b ] pyridine-5-carboxy lat e 

10 mg 

Corn starch 50 mg 

Gelatin 7.5 mg 

Avicel (microcrystalline cellulose) 25 mg 

Magnesium stearate 2.5 mg 



Total 95 mg 

The above composition is formulated into one tablet. 
Reference example 1 

i) Preparation of 5-amino-3-isopropyl-l-methylpyrazole 
H 3 C v 



CHCOCH 2 CN + CH^NHNH^ 

3 h 1 



CH 
CH 3 



JCT>, 

:H 3 



6 



A mixture of 8.0 g (?2 mmol) of l-cyano-3-methyl-2- 
butanone h and 3.k g (73-8 mmol) of methylhydrazine *[ 
in 2 ml of ethanol is stirred at room temperature 
for an hour, and concentrated under reduced pressure • 
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The resulting residue is ciiromatograplied on silica gel. 
The chloroform fraction is re crystallized from carbon 
tetrachloride to give 8.48 g (84.6 # yield) of the titled 
compound as colorless prisms, 
m.p. Ill - 112 °C 

NMR: 5 CDC1 3 1-20 (6H, d) f 2.60 - 3-10 (1H, m) , 3-40 

(2H, bs), 3.60 (3H, s), 5-30 (lH, s) 

ii) Preparation of l-cyano-3-methyl-2-butanone 

J x CHCOCl + LiCH^CN > J ^CHCOCH^N 

H.C H C 

3 2 8 3 k 

To a solution (100 ml) of 0.2 mol of n-butyllithium 
in anhydrous tetrahydrof uran is dropvise added a solution 
of 8.2 g (0.2 mmol) of acetonitrile in 12 ml of tetrahydro- 
furan under nitrogen gas at - 70 °C within 30 minutes; 
after 2 hours, a solution of 10.65 g (0.1 mmol) of 
isobutyrylchloride in 18 ml of tetrahydrof uran is dropvise 
added thereto. After an hour, the reaction mixture is 
acidified with 10 hydrochloric acid and" extracted with 
ether, and the extract is washed wi.th an aqueous sodium 
chloride solution, dried with magnesium sulfate, and 
evaporated. The residue is distilled to give 8.05 g 
(72.5 % yield) of the titled compound, 
m.p. 62 - 65 *C 
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SMR: 6 1.2 (6H, d) , 2.6 - 3.1 (lH, m) , 3-5 (2H, m) 

Reference examples 2-19 

In tne same manner as in Refernce example 1, tne 
compounds described in Table 8 can be prepared. 
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Reference example 20 



Preparation of ethyl 5-amino-l-methylpyrazole- 



3-carboxylate 




COOC^H, 




10 



A mixture of 10 g (6l.3 mmol) of the sodium salt of 



ethyl 3-cyanopyruvate 10 and 9-0 g (61.3 mmol) of me thy 1- 
hydrazine sulfate £ in 100 ml of. methanol is stirred at 
room temperature for 3 days, and then concentrated under 
reduced pressure- To the resulting residue are added 
an aqueous sodium bicarbonate solution and an aqueous 
sodium chloride solution, and the mixture is extracted 
6 times vith chloroform, dried with magnesium sulfate, and 
chroma to graphed on a column of silica gel. The ethyl acetate 
eluate gives 6*5k g (62.9 $ yield) of the titled compound 11 
as an yellow oil. 

NMR: 6 CDC1 3 1-35 (3H, t) , 3-71 (3H, s) , 3 .76 (2H, bs) , 
if. 35 (2H, q), 6.03 (lH, s) 
Reference example 21 

Preparation of methyl 5-ainin.o-l-methylpyrazole- 
3-carboxylate 

To a solution of kB mg (2.1 mmol) of sodium in kO ml 
of methanol i«. added 2.0 mg (11.8 mmol) of 5-amino-3-e±hoxy- 
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carbonyl-l-methylpyrazole , and the. mixture is refluxed 
over night, and distilled under reduced pressure. To the 
resulting residue are added a small amount of vater and 
sodium chloride, and the mixture is extracted 6 times vith 
chloroform. The extract is dried with magnesium sulfate, 
chromatographed on a column of silica gel and eluted vith 
ethyl acetate to give 1*37 g (7^*1 # yield) of the titled 
compound . 

m.p. 101 - 102 °C 

NMR: 6 CDC1 3 3-71 (3H, s) , 3-86 (3H, s) , 3-90 (2H, bs) , 
6.05 (1H, s) 
Reference example 22 

Preparation of isopropyl 5-amino-l-methylpyrazole- 
3-carboxylate 

In the same maimer as in Reference example 19 • 
the titled compound can be prepared. (Yield: 72.9 $>) 
m.p. 86 - 87 °C 

SMR: 6 CDC1 3 1-37 (6H f d) , 3-72 (3H f s), 3-75 (2H, bs) , 
5-23 (1H, m) 
Reference example 23 

Preparation of methyl 2-nitrobenzylidene acetate 





12 



12 



iii 
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. To kO ml of benzene are added 11.6 g (0.1 mol) of 

methyl acetoacetate 12, 15 g (0.1 mol) of 2-nitrobenz- 

aldehyde 12, 3 oil of acetic acid, and 0.8 ml of piperidine 

, and the mixture is kept at room temperature for 3 days, 

after which is added 12 g (0.1 mol) of magnesium sulfate 

■ 

thereto. The reaction mixture is stirred for k days, and 
filtered. Benzene is distilled off, and the residue is 
recrystallized from ethanol to give 22.5 g (90.0 £ yield) 
of the titled compound 14 as colorless prisms, 
m.p. 100 - 101 § C 

NMR: 6 CDC1 3 2.47 (35 f s) , 3-60 (3H, s), 7-23 - 8.37 (kZ 9 m) 
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Claims 

1. Dihydropyra2olo[ 3 »*-b] pyridine derivatives represented 
by the general formula: 




[wherein X and X 1 each is hydrogen, nitro, or halogen 
which may be located at the position or positions 2, 3, 
and/ or 6; 

R 1 is C k alkyl; 
2 

R is hydrogen, alkyl, C^- Cg cycloalkyl, or phenyl; 

3 

R is hydrogen, Cg straight or branched chain alkyl, 

or C^- cycloalkyl which may be substituted by C^- 
alkyl, substituted or unsubstituted phenyl, C^- aralkyl , 
C 1 - alkoxycarbonyl , or 5- or 6- membered heterocyclic 
group containing an oxygen or nitrogen] 
and their acid addition salts « 

2* A compound claimed in claim 1, wherein X is nitro; 

11 2 
X is hydrogen; R is alkyl; R is alkyl; 

3 

R is C^- Cg straight or branched chain alkyl, or Cy 
cycloalkyl . 

3* A compound claimed in claim 1, namely, methyl 3-(n-butyl). 
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Mo * 

1 , 6-dime thy 1-4- ( 3-ni trophenyl ) -4 , 7-dihydropyrazolo [ 3 , 4-b] - 
pyridine-5-carboxylate . 

4. A compound claimed in claim 1, namely, methyl 3-(i-butyl)- 

I , 6-dime tbyl-4- ( 3-nitr opheny 1 ) -4 , 7-dihydropyraz olo [ 3 , 4-b ] - 
pyridine-5-carboxylate . 

5* A compound claimed in claim 1, namely, methyl 3-cyclo- 
butyl-1 , 6-dimethyl-4- (3 -ni trophenyl) -4 , 7-dihydropyrazolo- 
[3 t 4-b] pyridine-5-carboxy late • 

6. A compound claimed in claim 1, namely, methyl 3-cyclo- 
pentyl-1 , 6-dime thyl-4- ( 2-ni trophenyl) -4 , 7-dihydropyrazolo- 
[3 f 4-b] pyridine-5-carboxy late . 

7. A compound claimed in claim 1, namely, methyl 3-cyclo- 
pentyl-1 , 6-dime thyl-4- ( 3-ni trophenyl) -4 , 7-dihydr opyrazolo- 
[3 » 4-b ]pyridine-5-carboxy late . 

8. A compound claimed in claim 1, namely, ethyl 3-cyclo- 
pentyl-1 , 6-dime thyl-4- (3-ni trophenyl) -4 , 7-dihydropyrazolo- 
[3 $ 4-b]pyridine-5-carboxylate . 

9. A compound claimed in claim 1, namely, isopropyl 3-cyclo- 
pentyl-1 , 6-dime thyl-4- ( 3-ni trophenyl) -4 , 7-dihydropyrazolo- 

[3 , 4-b] pyridine-5-carboxy late . 

10. A compound claimed in claim 1, namely, methyl 3-cyclo- 
hexyl-1 , 6-dime thyl-4- (2-ni trophenyl) -4 , 7-dihydr opyrazolo- 
[3 » 4-b] pyridine-5-carboxy late . 

II. A compound claimed in claim 1, namely, methyl 3-cyclo- 
hexyl-1 , 6-dime thyl-4- ( 3-ni trophenyl) -4 , 7-dihydr opyrazolo- 
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13 . ^-bJpyridine-5-carboxylate . 

12. A compound claimed in claim 1, namely, methyl 3-cyclo- 
hepty 1-1 , 6-dime thy 1-4- ( 3 -ni tropheny 1 ) -4 , 7-dihydropyrazolo- 
[3 ,4-b]pyridine-5-carboxylate . 

13. A process for producing dihydropyrazolo[ 3 ,4-b] pyridine 
derivatives represented by tne general formula: 

1 




E^OOC 



[vnerein X and X 1 each is Hydrogen, nitro, or halogen 
which may be located at the position or positions 2,3, 
and/or 6; 

R 1 is C x - alkyl; 
2 

is Wrogn, C 1 - C k alkyl, C^- Cg cycloalkyl, or phenyl; 

3 

R is hydrogen, Cj- C g straight or branched chain alkyl, 

or C - C cycloalkyl vnicn may be substituted by C - C 

13 

alkyl, substituted or unsubstituted phenyl, C ? - aralkyl, 
C 1 - C h alkyloxycarbonyl, or 5- or 6- membered heterocyclic 
group containing an oxygen or nitrogen] 

which comprises reacting a compound represented by the 
general formula: 
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,COCH. 

cooir 

[wherein X, X 1 , and R 1 each has the same significance as 
defined above] 

with a compound represented by the general formula: 

R 3 

XT" 

* R 

[wherein R 2 and R 3 each has the same significance as 
defined above]. 

14. Medicinal compositions comprising one or more members 
selected from the group consisting of dihydropyrazolo[3,4-b]. 

pyridine derivatives represented by the general formula* 

X 1 




[wherein X and X 1 each is hydrogen, nitro, or halogen 
which may be located at the position or positions 2, 3, 
and/ or 6; 
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R 1 is C x - C k alkyl; 

R 2 is hydrogen, C^- alkyl, C^- C fi cycloalkyl, or phenyl; 
R^ is hydrogen, C^- Cg straight or branched chain alkyl, 
or Cy 0^ cycloalkyl vhich may be substituted by C3 
alkyl, substituted or unsubstituted phenyl, C^- aralkyl, 
C x - alkyloxycarbonyl , or 5- or 6- membered heterocyclic 
group containing an oxygen or nitrogen] 
and their pharmaceutical acceptable acid addition salts 
and pharmaceutical carriers* 
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